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Abstract 23 The handling of medical bags in high temperature disaster sites has not been 24 fully evaluated. In this study, medical bags were assessed in the closed, semi-opened, and 25 opened state, with and without heat insulating material (HIM) and a coolant. The bags 26 were heated for 300 minutes at 35 or 40℃, and the internal temperature was measured.
27 closed and semi-opened bags were able to limit temperature increases in the central part 28 of the bag at both 35 and 40℃ to a greater extent than opened bags. When coolant and 29 HIM were used in closed and semi-opened bags, the internal temperature was 30 significantly lower than that seen in the opened state at 40℃ (P < 0.01 and P < 0.001, 31 respectively 
48
This study aimed to determine the temperature change in medical bags 49 subjected to high temperatures and also to examine the effect of opening the bag and 50 using heat insulating material (HIM) and coolants. The purpose was to propose a method 51 for handling drug bags in high temperature situations. After 300 minutes, the temperature of the bag with HIM was lower than that of 111 the bag without HIM in all bag status groups. At 35℃, the bag with HIM was able to 112 maintain a temperature of < 30℃ (Fig 2c) . However, at 40℃, the inside temperature 113 exceeded 30℃ after 300 minutes ( Fig. 2d ). At 40℃, the combination of HIM and the 114 coolant maintained the temperature below 30℃ in the closed and semi-opened groups, 115 but not in the opened group (Fig 2e) .
116 Fig 3 shows the degree of temperature increase when combining HIM and 117 coolant in each bag state. The temperature increase in the bag was significantly less when 118 using HIM at 35℃ and when using both HIM and coolant at 40℃. In particular, in the 119 semi-opened and closed state using HIM at 35℃, the temperature inside the bag was 120 significantly lower than that in the opened state (Fig 3a) . The temperature of the semi-121 opened and closed bags at 40℃ was significantly lower than that in the opened state when 122 using HIM and coolant (Fig 3b) . The results of this study show that an opened bag status is more susceptible to 129 the outside temperature than closed and semi-opened bags, and the closed and semi-130 opened state is more likely to benefit from the use of HIM and coolant.
131 In this study, a 1 cm-thick expanded polystyrene plate was used as HIM, and it appears 132 that using the thicker boards is more effective. However, because of the reduced internal 133 volume, larger bags may be required, or the number of medications will need to be 6 134 reduced. While the effectiveness of HIM was not sufficient when the bag was in the 135 opened state, it did provide protection from higher temperatures in the closed or semi-136 opened state. In addition to polystyrene foam, HIM includes an air cap in which air 137 particles are contained in a resin sheet. The air cap was not assessed in this study because 138 the thickness of this layer changes when stacked. HIM is lightweight and inexpensive and 139 can be readily adapted to the shape of the bag.
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While the use of a coolant can limit temperature increases inside the bag, it is 141 important to avoid direct contact between the coolant and the medicine to prevent freezing.
142 In addition, condensation is a consideration as this may encourage the growth of mold. 159 Direct heat conduction can come from the ground, floor, and walls, as well as the heated 160 environment. In the summer, paved areas of the ground are typically heated by sunlight 161 and the temperature can be higher than that of the environment. Therefore, medical bags 162 should be raised from the ground or flooring. The main source of heat radiation is sunlight, 163 and it is therefore recommended that medical bags be placed in the shade. Particular care 164 will be required for bags stored in stationary cars where the air conditioning will not be 165 operational.
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Situations where low temperatures are encountered, i.e., in winter, should also
